Abstract. There are many methods to estimate wild ungulate populations. One of these is represented by observations from vantage points usually employed in medium-low covered forest areas to estimate cervids. This method is subject to some limitations, such as the risk of double counting and the necessity to a high number of operators due to the small size of the observable areas. Such limitations could be reduced by integrating the "vantage points method" with Remote Piloted Aircraft System (R.P.A.S.) surveys. This study reports some experiences carried out mainly to check the suitability of R.P.A.S. use in the specific case of Roe deer (Capreolus capreolus) and Wild boar (Sus scrofa). The investigation was conducted in various areas with a high density of Roe deer and in the absence of disturbing elements. The first experimental phase concerned the definition of technical parameters useful to characterize the research system. For this purpose, the acoustic emission of the aircraft (dB) and shots of the underlying ground were recorded at intervals of 10 m up to 70 m above the ground. In the second phase, operating flights were carried out on an area of around 90,000 m 2 consisting of seven contiguous grazing areas separated by hedges and woody plants. The ability to fly over the natural visual barriers (land orography, trees, hedges, etc.) allowed to conduct a census over all the study area, despite its size and its characteristics. Only two operators can do all the flights in an average time of about 10-15 minutes with a R.P.A.S. speed of approximately 3 m·s -1 . The analysis of the aerial pics taken at dusk from 50 to 60 meters has identified many Roe deer grazing in different areas and has verified the absence of any animal alarm reactions to the passage of the aircraft. As for Wild boar, animal species with more pronounced nocturnal activity, the tests were conducted using a thermal imaging camera installed on board the R.P.A.S.
Introduction
In the last fifty years, the structure of the Italian rural territory went through significant modifications due to radical socio-economic change. Several wild species were strongly affected by the transformations of the agricultural and forest ecosystems and many large mammal populations, both herbivores and carnivores, recolonized the abandoned agricultural lands. Restocking plans implemented without proper management techniques, the abandonment of marginal areas as well as the spread of forest ecosystems have encouraged the increase of some wild species including wild ungulates [1] . This phenomenon has led to significant problems of cohabitation between wild fauna and human activities. In Tuscany, between2000 and 2009, the estimated increase of wild ungulates populations was around 51 % [2] . Wild boar and Cervids have a leading role in serious damages to agricultural productions, particularly to field crops, orchards and vineyards. For a proper management of the abovementioned species, the use of modern and rational instruments, such as Remotely Piloted Aircraft Systems (R.P.A.S. from now on), appears necessary [3; 4] .
A first experimental approach was finalized to verify R.P.A.S. capability to improve the accuracy of the conventional methodologies for the estimation of Roe deer (Capreolus capreolus) and Wild boar (Sus scrofa) populations. The purpose of this study is to highlight specificities, opportunities and limits of R.P.A.S. through the results of some preliminary testing. More detailed tests were conducted thereafter to adjust contingent negative factors. Observations from vantage points are usually employed in medium-low coverage forest areas as a means to estimate wild ungulates populations [5] . This method can provide useful information, however it is affected by to some limitations as the risk of double counts and the high number of workforce needed: in fact, many operators are often allocated to control small areas. Furthermore, the high level of heterogeneity in skills, age and ability in the whole workforce can lead to a certain degree of unreliability of the collected data. Some of these limitations can be reduced by integrating visual observations with data obtained from images and videos taken by R.P.A.S. equipped with different types of devices such as RGB cameras, thermal cameras or multispectral sensors [6] .
In 2016, the Laboratory of Applied Engineering to Wildlife (WildlifE-Lab) was established at the Department of Agricultural, Food and Forestry Systems of the University of Florence, in order to study wild animal populations with the aid of innovative methodologies.
The first studies carried out by the WildlifE-Lab concerned the following themes:
• the possibility to identify animals in open areas from images or videos taken by R.P.A.S. at different flight altitude, in relation to the type of recording device, the flying altitude and the type of vegetation cover; • the possible disturb caused to animals by the noise emitted from the rotors of the aircraft in relation to flight altitude; • the extension of the analysed surface area at dusk (the most suitable time for wildlife detection using an RGB camera); • the possibility to use thermal camera equipped with R.P.A.S. for night surveys.
Materials and methods
The tests were carried out in the Province of Florence, Italy, from September 2016 to September 2017in different sessions. The four areas covered by the study were characterized by high Roe deer and Wild boar densities. Two different aircrafts were used for the experimental tests: a commercial quadcopter (Yuneek Q500+)( Fig. 1 ) equipped with a3-Axis CG02 GB gimbal camera (angle of view 155º, 16 millions of effective pixels) and a custom six-engine multicopter equipped with a Flir Tau2 336 radiometric thermal camera(Thermal Capture module,13mm lens, f/1.25 slow) (Fig. 2) . The first experimental phase concerned the definition of the technical parameters useful to characterize the research system.
For this purpose, the acoustic emission of the aircraft (dB) and photographs of the underlying area were recorded at intervals of 10 meters up to 70 meters above the ground.
The sound intensity levels of RPAS noise were taken from the ground using a Bruel & Kjaer 2236 type 1 IEC sound level meter, specifically designed for environmental and occupational noise measurement (measuring range 34-110 dB). Every 10 meters of increase in the flight height, three sound intensity values were detected. Thereafter, these values were summarized using arithmetic mean.
The images of the underlying areas were analysed using Q-Gis, an open source GIS desktop application.
With increasing the flight altitude, the image details are reduced as well as the possibility of discriminating the presence of animals on the ground; conversely, at lower altitude the perception of the aircraft noise at the ground is increased.
The first tests are aimed at determining a trade-off in altitude between the lowest acoustic emission and best discrimination of the animals on the ground. However, shooting parameters can be appropriately adapted to different needs by choosing the most suitable filming device. Thereafter, several operating flights were conducted by night, day and dusk, over the different experimental areas.
In this paper we describe the surveys conducted in the Villa di Pratolino Park, on an area of 90.000 m 2 characterized by 7 contiguous parcels separated by hedges and groves, summarized below, (Fig. 3) .
Fig. 3. Study area of Villa di Pratolino Park
The flights were made at sunset, according to the usual Cervids census practices from vantage points. The survey was carried out using the abovementioned RGB camera, flying at a height varying between 40 and 60 meters at a speed of about 3 m·s -1 . Each flight lasted about 10-15 minutes, needed to fly over the entire area.
Regarding the species with more pronounced nocturnal mobility, such as the Wild boar, tests were conducted with a thermal imaging camera installed on R.P.A.S. in order to verify the ability of the instrument to discriminate the presence of wildlife by detecting temperature difference between the animals and the ground [7] . For this purpose, as previously mentioned, we used a custom aircraft characterized by autonomous flight and waypoints loaded by software and specially adapted with a Gimbal support designed to carry the thermal camera Flir Tau2 336 weighing 95 gr., (Fig. 4) . The experimental flights were carried out in four sessions, from July to September 2017, in different conditions, with particular reference to ground temperature. The shots were taken in the early night hours after sunset, i.e. the periods of the night with higher temperatures on the ground, in order to assess the ability of the tool to discriminate the body of animals from the background in the most critical situation.
Results and discussion
The data recorded in the first experimental phase defined the technical parameters of the R.P.A.S. Yuneec Q500+ .With the increase of the flight height, no considerable differences in the sound level atthe ground were detected, (Table 1) .
Moreover, the surface area increases on average about 2000 m 2 every 10m increase in the flight altitude: at 50m the surface area is about 7000m 2 with an acoustic pressure on the ground of 48.6 dB, while at 40m the surface is about 4000 m 2 with an acoustic pressure of 52 dB, (Fig. 5 ).
Despite the short flight autonomy of the R.P.A.S. per battery, it was possible to inspect large areas in detail, regardless of the presence of natural barriers (trees, hedges, terrain orography, etc.) even during the most suitable time for Roe deer mobility, in comparison to the surveys carried out from the ground. Therefore, even with a not particularly performant camera, it is possible to detect the presence of grazing Roe deer almost in complete darkness, also because the images can then be edited with a graphic processing software to enhance the image quality. The possibility to cover significantly wide surfaces allows to reduce the number of operators, to just the pilot and an assistant or observer, (Fig. 6) . Furthermore, the videos taken fromthe R.P.A.S. allowed us to effectively locate the animals. With one flight above the entire study area we could locate 15 Roe deer: none of these showed any reaction to the drone flyover as they continued their feeding activities, even reducing the flight height until 20 m. Figure 7 clearly shows how a Roe deer is identifiable even from higher altitudes. However, these observations depend on the type of the aircraft (fixed or multi-engine wing), the number and the technical characteristics of engines, the type of propellers installed (due to the different quality of sound emissions) and the flight conduct.
Further tests will be needed to define more precisely the technical features of R.P.A.S. applications, but the first results have shown the suitability of the R.P.A.S. for the purpose.
The summary Table 2 shows some aspects related to the advantages and limitations of the use of R.P.A.S. and of the traditional survey from vantage points that emerged during the experimentation. The analysis of the images taken with the thermal camera showed that is possible to locate animals even at a considerable distance and distinguish the species, at least for larger ones. Furthermore, it was possible to detect the presence of animals behind not too dense obstacles (Fig. 8,  Fig. 9 ). It is to be pointed out that, during day flights in summer with thermal camera, the identification of animal shapes is difficult because the temperatures of animals' body and the ground are very similar.Therefore, for a better animal identification the videos are to be taken at night with lower ground temperatures. For this purpose, experimental flights were carried out in July from 7:00P.M. to 12:00P.M. using a caged rabbit as a target (Fig. 10) . 
Conclusions
The purpose of this work was to verify the reactions ofRoe deer and Wild boar to R.P.A.S. flyover and specifically to evaluate the presence or absence of disturb.
Considering the positive results of the tests, it is possible to conclude that the integration of traditional surveys from vantage points with aerial surveys could contribute to rationalize the census. In particular, the use of R.P.A.S. could help to better define the quantitative parameters and the distribution of animal populations. The usefulness of these tools is not to be underestimated for other applications in wildlife monitoring, such as detailed studies of feeding behaviour of animals in agricultural crops orpotential applications tocontrol structures for protection of crops such as electric fences, etc. This is in particular for species that show nocturnal and dusk mobility. The use of the thermal camera installed on R.P.A.S. for monitoring species with high night mobility as Wild boar seems to be useful for the detection.The methodology could also be particularly useful in detecting the presence of ungulates in high density and size crops such as corn, high-grade cereals, etc.
